Introduction (6R)-(L-erythro-l '2' -dihydroxypropyl)-2-amino-4-
hydroxy-5,6, 7 ,8-tetrahydropteridine (tetrahydrobiopterin, BlL), is known to have many diverse roles in cell biology. BH. was originally shown to serve as the rate-limiting and essential cofactor for phenylalanine (1), tyrosine (2) , and tryptophan (3) hydroxylases, the latter two being the rate-limiting enzymes in the synthesis of dopamine and serotonin, respectively. BH. also is an essential cofactor for nitric oxide synthase (4) , enhances the release of brain dopamine (5, 6) , serotonin (6, 7) , acetylcholine (8) and glutamate (6) , and enhances the prolifertion of some (9, 10), but not all (10) clonal lines of murine erythroleukemia (MEL) cells. More recently, we demonstrated that BH4 is mitogenic for several cell lines of non-hemopoetic origin, including rat pel2 cells, rat C6 gliona cells, and human SV 40-transformed fibroblasts (11) . We have further demonstrated that the mitogenic effects of various growth factors in PC12 cells (nerve growth factor and epidermal growth factor) and human SV 40 transformed fibroblasts (a.-and f3-fibroblast growth factor) absolutely require elevation of intracellular BH. biosynthesis and the activity of GTP cyclohydrolase (12) , the initial enzyme in BH. biosynthesis.
The mechanism by which BH4 enhances PC12 § Author to whom correspondence should be addressed. Proofs should be mailed to Dr. Robert A. Levine cell proliferation was also investigated (11) . We reported that incubation of PC12 cells with BH. did not elevate cAMP levels, and stated that the elevation of PC12 cell proliferation by BH. was not due to the role of BH. as cofactor for tyrosine hydroxylase and nitric oxide synthase (11) . Here we report the data that demonstrates that BH. does not enhance PCl2 cell proliferation through elevating catecholamine or nitric oxide synthesis, and discuss possible mechanisms through which BH. may exert its mitogenic effect.
Materials and Methods
Rat PC12 cells were maintained as previously described (11, 13) and cultured in 96 well plates containing 10,000 cells/well. PCl2 cell number following 24 hour incubation with test conditions was determined by a colorimetric proliferation assay (Cell titer 96 Aqeous, Prom ega) that measured linear absorbance at 490 nm from 3,000-100,000 cells/ well. PC12 cells were incubated with a.-methylpara-tyrosine (a.MPT; 20 !lM), N(omega)-nitro-Larginine (NNA; 0.1 to 4 mM) or L-arginine (100 /-lM). Catecholamines and metabolites were measured as previously described (14) .
Results and Discussion
The mechanism by which BH. enhanced PC 12 cell proliferation was investigated. Figurel demonst rates that uMPT had no effect on control or sepiapterin-induced enhancement of proliferation, c\"en though catecholamines and metabolites were reduced by 75% (data not shown). The enhancement o f proliferation by sepiapterin was blocked by NAS I figure I ), even in the presence of uMPT. This indicates that enhancement of proliferation by ele-\ a ted intracellular BH. is not mediated by enhanced tyrosine hydroxylase activity or catecholamine synthesis (15) . Figure 2 . shows that the nitric oxide synthesis inhibitor, NNA, had no effect on control or sepiapterin-induced enhancement of PCl2 cell proliferation. Supplementing cells with L-arginine, a precursor of nitric oxide synthesis, for 24 hours also had no effect on proliferation. These results suggest that enhancement of proliferation by elevated intracellular BH. is not due to an elevation of nitric oxide synthase activity or nitric oxide production.
These results demonstrate that the effect of BH. on the proliferation rate of exporientially growing PCl2 cells is not related to either catecholamine or nitric oxide synthesis, which are two potential mechanisms for BH. action. Our results suggest that this is a novel intracellular role for BH •. A modulatory function of BH. on IL-2 high affinity receptor binding and IL-2-mediated mitogenicity has been previously reported (16, 17) . Whether the mitogenic action of BH. is mediated by modulation of receptor binding or receptor-mediated signal transduction mechanisms remains to be elucidated. Another potential mechanism by which BH. induces proliferation involves the levels of intracellular calcium and the possibility that BH. may affect A biphasic down-regulation of c-myc and c-myb proto-oncogenes is correlated with cessation of proliferation and commitment to differentiation. Expression of c-fos activity is up-regUlated while p53 protein is decreased. Constitutive expression of c-myb or c-myc proto-oncogenes in MEL cells prevents terminal differentiation and mitotic arrest induced by the differentiating agents, dimethyl sulfoxide or HMBA (19) . These observations, together with the role of BH. in the proliferation and differentiation of MEL cells in culture, suggest a possible link between intracellular BH. and proto-oncogene activity. Such an interaction between BH. and proto-oncogenes may be of significant importance in the proliferation of certain cell types or the process of cellular transformation. 
